The mixed check dams were conceived in late 2007, during actions to control the onset of erosion processes in Teide National Park subsequent to a forest fire. A simplified scheme of these mixed check dams consists of a structure of horizontal and vertical wooden elements creating a core that is filled with fine branches and forest residues. Besides this, rocks are placed on both sides of the check dam. The mixed check dam technique follows an eco-engineering design approach. These check dams are temporary structures because their cores will decompose in a few years (from 5-10 years depending on the size of the forest residues used). After our last visit to Tenerife (August 2012), it could be checked that the mixed check dams are providing the predicted results. The sedimentation processes achieved are satisfactory. Based on the collected data during the monitoring stage, the performance of this technique can be already characterised successful.
Introduction
Eco-engineering is the use of living plants or cut plant material, either alo ne or in combination with inert structures, to control soil erosion and the mass movement of land in order to fulfil engineering functions [1] . The self-repairing characteristics of the vegetation used, and the resilience capacity of the bioengineered area [2] are very important allies in the eco-engineering design philosophy.
The eco-engineering philosophy follows the sustainability idea by using readily available material on or adjacent to the site such as wood or rocks. The use of wood material that originates from nearby silvicultural treatments [3] can lead to utilizing material with a wide variety of properties from different species.
The eco-engineering solutions have inherent advantages over classic civil engineering solutions with respect to economy, ease of construction, low landscape impact and opportunities for incorporation of vegetation or plantings within the structure [4] . In contrast, one of the main design disadvantages are related to this latter issue since the use of both living and inert biological materials (e.g. wood) involves incorporating temporary variable elements in terms of design and performance reliability of the eco-engineering works [5] . Because of this, a monitoring stage is essential in order to collect data and check the performance of the ecoengineering intervention as time progresses.
There are three different approaches regarding the way the living material (the plants) play a stabilizing role in this kind of interventions. One approach consists in establishing the plants during the construction stage. In another approach there are no plantation works initially, the inert material plays the initial stabilising role and the indigenous plants colonise the area as time progresses. After several years the main stabilising factor will be represented by the indigenous plant species. Finally, a third possibility consists of a combination of the two preceding approaches.
Another important feature of the eco-engineering design approach is the use of the material readily available in the area. Therefore, whenever possible, the wooden structures will be constructed by using the logs present in the surroundings of the construction site. Finally, the use of non treated wood in this type of structures involves that the wooden elements will degrade with time and, because of an inevitable stress transfer process, the logs will transfer their stabilising effect to the evolving indigenous plants that are colonising the stabilised soil.
During 30 and 31 July and 1 and 2 August 2007, the Canarian towns of Los Realejos, San Juan de la Rambla, La Guancha, Icod, Garachico, Los Silos, Buenavista del Norte, El Tanque, Santiago del Teide and Guía de Isora were affected by a huge forest fire that burned down a remarkable part of a Pinus canariensis forest. The total surface burned was over 18,000 ha.
The mixed check dam technique was conceived and designed by Guillermo Tardío in late 2007, during actions to protect and preserve the soil in Teide National Park. On one hand, the wood used in the structures came from the silvicultural treatments that were taking place after the forest fire. In this case, the inert elements fulfilled the initial stabilising needs and, as time progresses, the indigenous species colonised the area while the wooden elements progressively decayed.
Before the use of the mixed check dams there were no previous experiences with eco-engineering techniques in the Tenerife Island. The performance of these structures has triggered a change of the Tenerife local Administration attitude regarding the use of eco-engineering approaches in their interventions.
A visual monitoring plan was followed in order to check the eco-engineering structure evolution and its performance in terms of soil conservation and landscape restoration. The main aim of this article is showing the particularities of the mixed check dam technique from both a design stage and a visual monitoring stage.
Study area
The study area is near San Juan de la Rambla which is a municipality of Tenerife Island. It is located in a forested area dominated by Pinus canariensis and Myrica faya. The topography is very steep and gullies are very common in the area.
A forest trail were mixed check dams were constructed was selected. This trail is known as "Caño Chinque-La Tahona). The UTM coordinates of the beginning of this forest trail are 28R X:339977 , Y: 3137250. A location of the mixed check dams is shown in Fig.1 . 
Mixed check dam description
As shown in Fig.2 , a simplified scheme of these mixed check dams consists of a structure of horizontal and vertical elements creating a core that is filled with fine branches and forest residues. Besides this, rocks are placed on both sides of the check dam. The vertical elements are tied to each other by means of a biodegradable rope and the end points of the check dam are anchored to the ground or to any adjacent tree, bush or stumps. Outer vertical elements will be anchored to the ground. If possible, and anchorage in the middel of the dyke is advisable. Vertical elements will be stuck into the ground a minimum depth of 30 cm. Outer vertical elements will be anchored to the ground. If possible, and anchorage in the middel of the dyke is advisable. Vertical elements will be stuck into the ground a minimum depth of 30 cm. One of the main features in the mixed check dam design was the use of the abundant forest biomass [6, 7] generated during the cuttings that were conducted. So far, the biggest size check dam built was 2.5 m high and 15 m wide. The main elements of a mixed check dam are shown in Fig.3 . Fig.4 ) depend on both the height of the check dam and the slope of the gully [8] . All the materials used in its construction are biodegradable, allowing for the creation of a new and fertilized substrate that will, as time progresses, be colonized by indigenous species. This technique follows the ecological engineering philosophy because: -The matrix formed by the fine residues creates a fertilized substrate that, as time progresses, is colonized by indigenous species. As time pass, the existing voids within the core of the check dam are filled with the materials carried by the runoff.
Distances between the cross barriers (see
-All the materials used in its construction are biodegradable and the stabilised soil will be colonized by the indigenous species. Besides, the body of the check dam is permeable and, because of this, water flows through its body but in a controlled way.
-As time progresses, the effect of the mixed check dams inert elements will be replaced by the effects of the colonizing vegetation. Eventually, the mixed check dams will be decomposed and will disappear and the anchoring function to the ground will be played by the vegetation. The sediment mounds caused by the check dams will turn into a series of green islands throughout the gullies.
Dimensions of the vertical and horizontal elements
The calculation scheme at the design stage was as follows: once the height of the water level is determined in a certain cross section where a mixed check dam will de located [9, 10, 11] , the next step is the calculation of the minimum diameter necessary to resist the forces involved. These forces are both water pressure and the rock walls that the check dam has on both sides. All the elements are calculated according to wood structure calculation principles [12] .
As shown in Fig.5 , both the vertical and the horizontal elements were calculated as a two pin support beam. The limit state condition in the internal stability check allowed the minimum diameter calculation for both type of elements. The horizontal elements were designed as beams subjected to a uniform pressure (Fig.5A ) while the vertical elements were designed as beams subjected to pressures following a triangular distribution shape (Fig.5B ). In order to calculate the necessary dimension of the circular cross sections, the maximum stress to be resisted by the wooden elements was calculated according to Eq.1 and Eq.2:
Where: σ max =maximum normal stress, M max =maximum bending moment, W= bending stiffness for a circular cross section case, X d =wooden element design strength, K mod =modification factor (with this factor the moisture content effects and the load duration effects are included in the calculation), K k =wooden element characteristic strength, γ m =material partial safety factor.
As shown in Fig.5 , to determine the maximum bending point both the rock wall pressure and the runoff water pressure were considered. The water level within the gully was calculated assuming a runoff corresponding to a 100 yr return period rainfall event. The values of the variables used in the calculations are shown in Tab.1. Although it was not assessed, another important characteristic to be taken into account is the permeable nature of these structures. The first point to consider would be the assessment of the flow through its body. In this case, due to both the size of the porous medium and the runoff speed, the flow through the check dam is turbulent. The permeable nature of these check dams allows a controlled evacuation of the runoff through the check dam. This includes the control of runoff speed and the subsequent lowering of water erosion capacity.
Results
By following the preceding calculation scheme, the minimum diameters of both the vertical and the horizontal elements are shown in the Tab.2 and Tab.3. Despite the lack of data regarding the sedimentation rates, after our visits to the study site, we confirmed that these structures are performing well. In Fig.6 Results based on the monitoring: the site was visited during 2008-2012 and the mixed check dam performance was checked. The wooden elements of smaller check dams were decomposed fulfilling their condition as temporary structures. Most of the check dams had formed stable sedimentation mounds allowing the indigenous plants to colonise the soil within the gullies.
Plant densities were higher in the gully compared to the surrounding areas (see Fig. 7A ). In all cases, there is a clear transitional evolution from the initial structures to the local natural Canarian landscape since the different species are taking the stabilisation function over (see Fig.7 ). 
Discussion and Conclusion
The use of forest residues for erosion control works is a very useful strategy in forest management. As shown in Fig.8 , the size of the minimum diameters needed to create a stable mixed check dam could be obtained in almost every forestry treatment (for instance, using cuttings, thinning and tree prunings products). The permeable nature of this type of check dam permits the evacuation of runoff flow in a controlled way. The resistance transfer between the inert material and the plants was successfully accomplished. The wooden elements were fully decayed by the time the plants had already colonized the gullies.
The direct and indirect benefits of the use of this erosion control technique were acknowledged by both the Local and National Administrations. Indeed, this technique was included in the Spanish National list of techniques to fight against desertification processes.
After a five year visual monitoring plan, the following conclusions were reached: -
The design calculations were right. -
The sedimentation mounds caused by the check dams were turned into a series of green islands throughout the gullies.
-
The very cores of the mixed check dams were colonized by indigenous species. -This technique was effective at re-vegetating areas with erosion control problems.
The eco-engineering philosophy was fulfilled if the following terms: -
The use of the woody material of the nearby areas was effective.
The utilized inert material (logs and rocks) effectively performed their initial necessary stabilizing role. Afterwards the indigenous species colonized the stabilized soil within the gullies.
The use of forestry residues for erosion control techniques is a very recommendable strategy in forestry management.
As with any stabilization technique, there is a stress (or load) transfer between the soil and the structure but, in contrast to other solutions, this initial response is substituted by an evolving role of the living material used in the ecoengineering structure as time progresses.
The decreasing slope within the gullies as well as the presence of stabilised sedimentation mounds allowed the indigenous species to colonise the area and, as time progressed, to perform the stabilising function by themselves. From this stage on, the very dynamic nature of vegetation will continuously increase the overall resilience of the ecosystem.
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